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Abstract-An investigation 111 vitro of pulmonary O-methyl transferases rcvcaled the presence of microso- 
mal phenol-O-methyl transferase and soluble and microsomal catechol-O-methyl transferases in guinea- 
pig lung tissue. Both phenol and catechol transferases also were detected in rat and rabbit lung tissue. 
Substrates of guinea-pig pulmonary phenol-0-mcth!l transfcrasc ~ncludcJ phenols. crcsols and xylenols. 
but not alcohols and amines. Catcchol-0-methyl transferaaes from both subcellular sources were found 
to have similar pH optima. magnesium ion requirements, K,,, values, and utilircd norepinephrine. isopro- 
tcrcnol and dopamine as suhstratcs, but not metaprotcrcnol and salbutamol. These data for the pulmon- 
ary enzymes are similar to published values for liver 0-methyl transfcrascs. 
It is recognized that the lung may have at least a 
secondary role similar to that of the liver in the detoxi- 
fication or activation of exogenous compounds [I]. In 
support of this hypothesis are the common embryonic 
origin of lung and liver [?I, and the efficient inactiva- 
tion of many endogenous substances in a single pass- 
age through the lungs 131. It is also significant in this 
regard that foreign compounds entering the body 
other than through the gastrointestinal tract would 
pass through the lungs before reaching the arterial cir- 
culation and the liver. 
Nevertheless, relatively little has been reported con- 
cerning the biotransformations of exogenous materials 
by lung tissue. The presence of benzpyrene hydroxy- 
lase has been established in rat lungs [46] and more 
recently the mixed-function oxidases of liver and lung 
tissue have been compared [7-I I]. The soluble frac- 
tion of rabbit lung homogenate in the presence of S- 
adenosyl-[/nrth_r/-‘4C]methionine promotes the N- 
methylation of a diverse series of amines [12, 131. 
Hovvevcr. studies of O-methyl transferases in lungs 
have been limited as part of more general studies of tis- 
sue and species distribution of the enzymes involved. 
For example, phenol-O-methyl transferase has been 
reported 1141 to be present in guinea-pig with the lung 
tissue portion of the study being limited to phenol per 
se. In a similar study, catechol-O-methyl transferasc 
has been detected in rat lung homogenates [ 151. 
It is the purpose of this paper to further characterize 
O-methyl transferases in subcellular fractions prepared 
from guinea-pig lungs. 
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M.~TEKIALS AND METHODS 
Mutukds 
S-adenosyl-[rnrrh_rI-‘4C]methionine was purchased 
from New England Nuclear (Boston. Mass.) and Inter- 
national Chemical and Nuclear Corp. (Irvine. Calif.). 
Guinea-pigs (Hartley albino) of either sex weighing 
between 300 and 500g were purchased from Camm 
Research Inc. (Wayne. N. J.). Salbutamol was a gift 
from Allen & Hanburys Ltd. (Ware. England). Meta- 
protcrenol. I-isoproterenol and norepincphrine wcrc 
obtained from Sigma Chemical Co. (St. Louis. MO.). 
Dopamine. 3-methoxy-4-hydroxyphenethylamine and 
4-methoxy-3-hydroxyphenethylamine were provided 
by Dr. Ara Paul. College of Pharmacy. University of 
Michigan (Ann Arbor, Mich.). The mcthoxy com- 
pounds were recrystallized from both methanol-ether 
and rr-propanol ethyl acetate and are the compounds 
employed in a previous plant methylation study [ 161. 
Guinea-pigs weighing between 300 and 500g were 
decapitated after being stunned by a blow on the head. 
The lungs were removed. rinsed, blotted. weighed and 
homogenized with 3 vol. of cold isotonic KC1 in a 
Waring blendor at t&4’. The preparation was centri- 
fuged at 9000 y for 30 min at O- to obtain the postmito- 
chondrial supernatant fraction. Further centrifugation 
of the postmitochondrial supernatant at 105.000 $1 for 
I hr at 0 gave soluble and microsomal fractions. Mic- 
rosomal pellets were resuspended in 5 vol. of cold iso- 
tonic KC1 and recentrifuged twice to remove soluble 
lung enzymes. Soluble fractions were dialyzed at 4’ 
against 100 vol. of either isotonic KCI or 0.1 M phos- 
phate buffer. pH 7%. 
Optirnul i~~hutior~ nrd uffmtion corditiom 
The optimal amount of microsomes or supernatant 
equivalent to lung tissue per 0.5 ml of incubation mix- 
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ture for enzymatic reactions was determined as a 
scpara te series of experiments and found to be: micro- 
somal ph&ol-O-methyl transferase. 100 mg; microso- 
ma1 ~dtechol-0-rneth~ll transferase, IO0 mg; and sol- 
uble catechol-O-nletllyl transferase, 40 mg. The rates of 
these reactions were linear with time for 30 min. Fur- 
thermore. homogenates prepared either with a Waring 
btondor or a Potter-Elvehjem homogenizer in phos- 
phatc buffer or isotonic KC1 did not change enzyme 
activities in the subccltular fractions to a significant 
extent. 
Toiuenc containing 10; isoamyl alcohol was used to 
extract the methyl ether derivatives of phenols from in- 
cubation mixtures. It was determined that in a single 
extraction this solvent removed approximately 80 per 
cent of these metabolites. Similarly, more than 80 per 
cent of 0-methylated isoproterenol was removed by a 
single extraction with isoamyl aicohol. Furthermore, 
relatively little radioactivity (< 5 per cent of the isopro- 
tcrenol derivative) was extracted from blank incuba- 
tions, indicating a preferential extraction of O-methy- 
tated isoproterenol as compared to methylated endo- 
gcnous substrates. Isoamyl alcohol extracted the other 
methylated catechol derivatives equally well. 
~~i~~osornu(/~i~c,r~ol-O-,~~~th!:I tr.u~~~fiw.se. Microsomes 
equivalent to I00 mg of lung tissue were added to a 15- 
ml glass-stoppered centrifuge tube containing 0.1 ml of 
0.5 M phosphate buffer (pH 7.9). S-adenosyl-[rl7ethyl- 
’ 4C]mcthionine, (1 nmole) and substrate (2 [Lmoles) in 
a final volume of 0.5 ml. The reaction was stopped by 
the addition of 1 ml of 0.5 M borate buffer (pH 9) after 
30 min at 37‘ and the mixture was extracted twice by 
I”,, isoamyt alcohol in toluenc (3 ml). The extracts 
were combined and a 2-ml aliquot was assayed for 
radioactivity. Values were corrected for a blank 
obtained by incubation of the reaction mixture with- 
out substrate and treated as above. 
.Sol~h/c~ ~ut~~chol-0-,~lcthyf tf~i~sfi~~as~~. Incubations 
were performed as above using soluble fraction equiv- 
alent to 40 mg lung tissue in pH 7.8 phosphate buffer 
with 0.5 mM MgCt,. After 30 min of incubation. I ml 
of 0.5 M borate buffer (pH I 1) was added to stop the 
reaction. Extraction was carried out with isoamyl alco- 
hol (10 ml) previously saturated with water. Aliquots 
(4 ml) of the substrate and blank incubation extracts 
were counted for radioactivity. 
Microsornal cutrchol-0-methy! tramjhmv. Incuba- 
tions were performed in pH 7.0 phosphate buffer with 
2.5 mM MgCi, and microsomes from fO0 mg lung tis- 
sue. Ali other conditions were the same as in the micro- 
somal phenol-o-methyl transferase assay. Extraction 
was carried out with isoamyl alcohol (IO ml). 
Incubations of dopamine with microsomal and sot- 
uble enzymes were carried out along with the corre- 
sponding blanks. These incubations were terminated 
with 1 ml of 0.5 M borate buffer (pH 10) and extracted 
with ethyl acetate (5 and 10ml). Extracts were com- 
bined and dried over Na,SO,. Aliquots (1 ml) of the 
extracts were counted for radioactivity before the 
remainder was evaporated to dryness under a stream 
of nitrogen. The residues were redissolved in ethanol 
(50~1) before being applied on thin-layer chroma- 
tography plates. Authentic samples of 3.4-dimethoxy- 
phenethylamine, 3-methoxy-4-hydroxyphenethylamine 
and 4-methoxy-3-hydroxyphenethylamine were also 
applied on the chromatoplates. Chromatography was 
carried out in silica gel GF plates using two 
solvent systems: chlorofor~a~etone-diethylamine 
(5:4: I) 1161 and ~~-bu~~nol~ammoni~lm hydroxide- 
ethyl acetate (3: I : 1) [17]. The reference compounds 
were detected under ultraviolet light. Radioactivity 
measurement was carried out by placing 0.5-cm strips 
in counting vials, adding 2 ml methanol followed by 
IOml scintillation solution, and counting in a liquid 
scintillation spectrometer. 
~~t~~~~f~~at~Q~~ ~~~~dio~ctj~ir~ 
Quantitative analysis of radioactivity was performed 














aniline <@01 0.26 (0~20-032) <001 
phenol 2.25 (2.24-2.25) 2.1 I (2.02 2.20) 2.17 (2.24 2.30) 
~-isoprot~r~nol 8.16 (602- 1@3) 1.89 ( I~& I .92) IV91 (3,X~4.~l) 
* S-adenosyl-[~~~ut/~~~-‘4C]methionine (I nmole). substrate (2 pmoles), 0.1 ml of 0.5 M phosphate buffer (pH 7.9) and post- 
mitochondrial supernatant fractions equivalent to IO0 mg lung tissue in a final volume of 0.5 ml were incubated for 30 min 
at 37 IV-methyl transferase and catechol-O-methyl transferase incubations were extracted by isoamyl alcohol previously 
saturated with water. Phenol-O-methyl transferase incubations were extracted by I!:;, isoamyl alcohol in toluene. 
t Mctabolite formation (nmolesjg tissue) was calculated from the difference between radioactivity extracted from incuba- 
tions with substrate and the corresponding blank. The average ofduplicate determinations is given with parentheses indicat- 
ing ranges of results. 
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by liquid scintillation spectrometry. Aliquots of 
extracts from incubation mixtures were added to 
counting vials containing 10ml of scintillation solu- 
tions made of 7 g 2,5-diphenyloxazole, 50 mg 1,4- 
his(2,5-phenyloxazlyl)-benzene, 80 g naphthalene and 
1000 ml p-dioxane. The vials were counted in a Beck- 
man LS-200 liquid scintillation system and cpm were 
converted to dis/min by the external standard ratio 
method. 
REWLTS 
Species disfrihution of‘lung fnethyl trafwfirase activity 
Methylating enzyme activities were examined with 
the postmitochondrial supernatant fractions of rat, 
rabbit and guinea-pig lungs using S-adenosyl-[n2eth$- 
“C]methionine as the methyl donor (Table 1). 
The data in Table 1 show that appreciable amounts 
of phenol-O-methyl transferase and catechol-O-methyl 
transferase were detected in lungs of guinea-pig. rat 
and rabbit. However, N-methyl transferase was 
detected only in rabbit lung preparations. 
Pulfnonary fnicrosofnal phenol-O-methyl tr.ansf>r.a.w 
ucticity if1 guifwu-pigs 
Phenol-O-methyl transferase activity was detected 
mainly in the microsomes. Various hydroxyl and 
amino compounds were examined as possible sub- 
strates of microsomal phenol-O-methyl transferase of 
guinea-pig lungs. Cresols, xylenols, phenol, bromo- 
phenol and ethylphenol were found to be substrates for 
the enzyme (Table 2), while resorcinol and phloroglu- 
cinol were not methylated. No methylation was 
detected with aniline or tyramine as substrates or with 
alcohols (cyclohexanhexol, cyclohexanol, ethanol and 
glycerine). 
The reaction rates of phenol at molar concentrations 
from 5 x IO- ’ to 5 x IO- 4 were determined in dupli- 
cate in the presence of phenol-O-methyl transferase by 
Table 2. Substrate specificity of microsomal phenol-O- 
methyl transferase from guinea-pig lungs 
0-methylated substrates* 
Substrate (nmoles/g tissue) 
p-Bromophenol 1.40 (1.39- I .40) 
p-Cresol 1.25 (1.21-1.29) 
3,4-Xylenol I.23 (1.15-1.30) 
Phenol 1.06 (0,955 I 16) 
PIi-Cresol 0.97 (0.92-1.01) 
Ethylphenol 0.91 (0.85-0.97) 
2,4-Xylenol 0.75 (0.7CrO.80) 
2.3-Xylenol 0.70 (0.6550.75) 
3.5-Xylenol 0.63 (0.52-0.73) 
o-Cresol 0.59 (0.49-0.68) 
2,6-Xylenol 0.38 (0.360.39) 
2.5-Xylenol 0.33 (0.29.-0.36) 
* Average of duplicate determinations; parentheses indi- 
catc ranges of results. 
the method of Lineweaver and Burk [18]. The K,, 
value for phenol-O-methyl transferase with phenol as 
the substrate was 3.05 x lo-’ M. 
Pulfnonary catechol-O-methyl transjtirase actiuitJ 
Initial studies with guinea-pig lung homogenates in- 
dicated the presence of catechol-O-methyl transferase 
in both the microsomal and soluble fractions. The 
catechols-epinephrine, norepinephrine. isoproter- 
enol, dopamine and catechol-were found to be sub- 
strates for the supernatant and microsomal fractions, 
whereas methylation was not detected for metaproter- 
enol and salbutamol. 
Metaproterenol Solbutomol 
While these preliminary studies had indicated the 
presence of enzyme activity in both the supernatant 
and microsomal fractions, it was possible that the 
reduced activity of the latter fraction was due to resi- 
dual supernatant fraction adhering to the microsomes. 
To examine this possibility, microsomes were success- 
ively washed by resuspending in isotonic KC1 and re- 
sedimenting at 105.000 s. The enzyme activities of the 
supernatant and the microsomes were assayed each 
time after resuspension and sedimentation (Table 3). 
Table 3. Subcellular catechol-O-methyl transferase activi- 









0 29.4 (28.8829.9) 5.0 (4.2-5.7) 
I 0.5 (0.550.5) 2.2 (2.62.4) 
2 <O.l (O%O~l) 2.6 (1.5-3.6) 
3 < 0.1 (0%-o. 1) 2.2 (2G2.4) 
4 0.2 (0. I-0.2) 2.4 (2.332.5) 
* Average of duplicate determinations: parentheses indi- 
cate ranges of results. 
Microsomes washed and resedimented in this manner 
only once reach a constant level of activity. This acti- 
vity was maintained over three additional washings 
with only minor activity appearing in the supernatant 
isotonic KC1 washes. 
In the present lung tissue study, a comparison was 
also made between the microsomal and soluble cate- 
chol-O-methyl transferases. Mg2+ concentrations, pH 
optimum values, K, values and substrate specificity 
were used as criteria in comparing the two enzyme 
preparations. 
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Fig. I. Etk‘ect of pH on the 0-methylation of isoproterenol 
by sllbc~i~Lilar fractions of guinea-pig lung. Methylat~~ 
product formed. nmoles;g of tissue. was determined as de- 
scribed for enzyme activity in lung tissue. Each point is the 
average of two determinations. 
t# upfirnmn?. Puhnonary catcchol-O-methyl trans- 
ferases were incubated separately at various buffer pH 
values. The supernatant catechol-O-methyl transferase 
had optima1 activity from pH 7.8 to 9.0, whereas the 
microsomai ~techol-O-methyl transferase had opti- 
mal activity from pH 68 to 76 (Fig. I). 
Fig. 2. Effect of magnesium concentration on the O-mcthy- 
lation of isoproterenol by subcellular fractions of guinea-pig 
lung. Mcthylated product formed. nmoles/g of tissue, was 
determined as described for enzymc activity in lung tissue. 
Each point is the average of two determinations. 
MgCl, comvztration. The effects of Mg” con- 
centration on the pulmonary catechol-O-methyl trans- 
ferases are summarized in Fig. 2. Maxima1 activity 
required 2.5 x 10e4 M and 2.5 x IO- 3 M Mg’ + for 
the soluble and the microsomal catechol-O-methyl 
transferases respectively. Note, however. that appreci- 
able enzyme activity was detected in the absence of 
Mg’+. The effects of Mg’+ on iung enzymes were 
smaller than on the partially purified liver catechol-O- 
methyl transferase. as hepatic enzyme activity in- 
creased approximately I O-fold in the presence of MgL L 
1151. 
K, dues. The reaction rates of the catechol-O- 
methyl transferases using epinephrine as a substrate in 
molar concentrations from 3 x l O-’ to 3 x 1 (I- s were 
compared. Catechol-U-methyl transferases had K,, 
values (calculated from these data) of 5.0 x IV4 M 
and 1.13 x 10-‘M for the soluble and microsolnal 
enzymes respectively. 
Table 4. Substrate specificity of catechol-O-methyl transfcr- 
ase in guinea-pig lungs 
0-methjlated suhstratcs* 
Substrate (nmolcs:g tissue) 
Soluble enzyme 
~~.~-~~re~“i~~~hrine I I.38 (1 1.37 I I~iXj 
i-Isoprotcrcnol il.1 I (iW3 lI~20) 
Dopamine IO.23 (9.95 10~50) 
Microsomal enzyme 
/-iso~ro~ercnol 3.85 (133 2.17) 
~~,~-~orepitlcphrine 0.94 (0~79~1~08~ 
Dopatnine 0.54 (0.52 0.55) 
* Avcragc of duplicate determinations: parentheses indi- 
cate ranges of rcsiiits. 
Suhstr.ak~ .specijicity 
The extent of 0-methylation using I-isoprotercnol. 
i~~repillepl~ri~le and dopalnine as substrates wx com- 
pared in microsomal and soluble catechol-O-methyl 
transferases (Table 4). With l-isoproterenol, nore- 
pinephrine and dopamine as substrates. soluble 
enzymes were found to he &I9 times more cfkient 
than microsomes in the formation of O-mcthyiated 
metabofites. &-Norepinephrine and cti-isoprotcrenol 
were found to be the best substrates examined for O- 
methylation. 
Chromato~raphicfanalyses of ethyl acetate extracts 
of microsomal and soluble subcellular fractions incu- 
bated with dopamine as a substrate indicated the for- 
mation of “C-labeled 3-mcthoxq-4-hydroxyphencthyl- 
amine. However, it was necessary to increase suh- 
strate. ~-adenosyl-rfJz~f~i~~-‘4C]m~thionine and sol- 
uble enzyme concentrations 4-fold to demonstrate the 
presence of both O-methyl isomers by radiochromato- 
graphy. The relative proportions of 3- and 4-methoxy 
metabolites were 2.5 and 2.2 for the soluble and micro- 
somal catechol-0-methyl transferases respectively. 3.4- 
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Djm~tlloxyph~nethylamine was not detected in any [23] have demonstrated the presence of m~crosom~ 
~~diochromatogram. catcchol-O-methy transferase in both rat and rabbit 
liver. 
Corqxwisurz qf liver cud lung 0-rwthyl transferuse acti- 
l.iQ 
A comparison of the soluble and microsomal cate- 
chol-O-methyl transferases of guinea-pig lungs with 
The relative activities of lung and liver 0-rnethy~?@?EbtE~H spf’imum, Mg2+ concentration require- 
transferase activities in the formation of 0-methylated 
substrate per mg protein 1191 per hr were compared 
in three guinea-pigs. The average + standard devia- 
tion for the three ohservations for the lung/liver activi- 
ties were: microsomal phenol-o-methyl transferase, 
3% + 26; soluble catechol-O-methyl transferase. 
0.4 + 0.2; microsomal catechol-O-methyl transferase. 
l-3 * 0%. 
DISCUSSION 
The present investigation indicated that many ^ 
mono-substituted phenols were substrates ot gumea- 
pig lung phenol-O-methyl transferase, which was pres- 
cnt mainly in the microsomal fraction. The results are 
consistent with the subcellular distribution and sub- 
strate specificity of guinea-pig liver phenol-O-methyl 
transferase reported previously by Axelrod and Daly 
[ 147. The presence of phenol-O-methyl transferase in 
lungs ofguinea-pig, rabbit and rat is also in agreement 
with the widespread occurrence of this enzyme in the 
liver of various species [14]. 
Our data also demonstrated that xylenols were suh- 
strates of pulmonary phenol-O-methyl transferase. 
Lunde ut al. [20] have correlated the inhibitory effects 
of xylcnols on vasoconstriction developed in isolated 
perfused lungs with the positions of the methyl groups 
on the aromatic ring. However, their inhibitory effects 
did not correspond to the extent of 0-methylation 
which occurred in our phenol-O-methyl transferase in- 
cubations. The mechanisms by which xylenols exert 
their inhibitory effects on vaso-constriction developed 
in isolated perfused lungs remains to he elucidated; 
nevertheless. the present study does not support these 
xylenols as alternative substrates. 
The presence of catcc~~ol-O-~~eth~l transferase in 
guinea-pig lung is also consistent with the widespread 
species [15] and tissue [ 15,211 distribution of the 
enzyme. While Axelrod and Tomchick Cl53 have 
reported the presence of catechol-O-methyl transferase 
in post-mitochondrial supernatant fractions of rat lung 
homogenate. the present study extends this ohserva- 
tion. Of considerable interest in this regard was the 
observation that catechol-O-methyl transferase is pres- 
ent in both soluble and microsomal subce’llular frac- 
tions of guinea-pig lungs. Microsomal and particulate 
catechol-O-methyl transferase has been reported from 
other than lung tissue of rabbit and rat [22, 231. Thus, 
Alherici rf al. [22] have found catachol-O-methyl 
transferase activity in both particulate material and 
soluble fraction of rat brain homogenate. Jnscoe et ai. 
* F. C. P. Law. unpublished observation. 
m&t, K, ;alu& and substrate specificity showed that 
the catechol-O-methyl transferase of the two lung sub- 
cellular fractions is similar. These results are well 
within the wide range of pH [ 15.23.-251. MgZ’ 
115. 25-271 and K,, values 125. 28, 291 previously 
reported for catechol-O-methyl transferases from other 
tissues. 
Whereas me~proterenol. a resorcinol. was not a 
substrate for either soluble or microsomal catechol-o- 
methyl transferase of guinea-pig lungs, norepineph- 
rine, isoprotcrenol and dopamine were found to be O- 
mcthylated by catechol-O-methyl transferases from 
both subcellular fractions. Similar observations have 
been reported by Briant rt al. [30] in perfused dog lung 
in which isoproterenol and isoetharine were exten- 
sively 0-methylated but in which the resorcinol, tcrbu- 
taline, was not metabolized. 
Thin-layer chromatography results indicated the 
formation of ‘SC-laheled 3-mcthoxy-4-hydroxy- 
phencthyiami~le in incubations using dopamine as suh- 
strate. Also, the presence of “C-labeled 4-methoxy-3- 
hydrox~h~t~~thylanline was demonstrated, but only 
when the substrate and cofactor concentrations in the 
incubation were increased 4-fold. Several investigators 
131-335 have demonstrated the formation of a mixture 
of 3- and 4-O-methyl derivatives when dopamine was 
incubated with liver catechol-O-methyl transferasc. In 
contrast. radioactive labeled norepinephrine has been 
found to be 0-mcthylated mainly in the 3-position by 
the isolated perfused lungs of rat [34] and rabbit.* 
Compared with the liver. guinea-pig lung contained 
more phenol-O-methyl transferasc but less cdtechol-O- 
methyl transferase. These results are in agreement with 
previous published data reporting that soluble cate- 
chol-O-me~yl transferase is found primarily in the 
liver [ 151. while phetlol-0-inethyl transferase*is found 
mainly in the lung [ 141. 
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